Abstract: The oil of amaranth grain (Amaranthus spp.) is a rich source of poly-unsaturated fatty acids. In this study, we tested 10 amaranth samples representing two species (Amaranthus cruentus and Amaranthus hypochondriacus) in two consecutive years (2010, 2011). Grain oils were analysed by gas chromatography for their fatty acids profile. In 2010, oil content ranged from 6.4-8.2% for A. cruentus and 6.3-7.9% for A. hypochondriacus. In 2011, the level was 7.1-8.2% and 6.6-8.7% for A. cruentus and A. hypochondriacus, respectively. Linoleic, palmitic, and oleic acids were dominant fatty acids in all of the oil samples. The essential linoleic acid level was 33.3-38.7% (A. cruentus) and 31.7-47.5% (A. hypochondriacus) in 2010 and 34.6-39.9% (A. cruentus) and 34-44.5% (A. hypochondriacus) in 2011. The minority fatty acids, i.e. stearic, α-linolenic, and arachidic acids were also observed. Eicosenoic and behenic acids were present in the grain in trace amounts. Statistical evaluation showed a significant effect of year and species of amaranth on the levels of certain fatty acids. There was a strong positive correlation between oil content and oleic acid, and a negative correlation between oleic acid and either of the other two fatty acids, linoleic and α-linolenic ones.
Introduction
Amaranthus is a multi-purpose crop, often referred to as pseudocereal, growing in many countries of the world (Budin et al. 1996) . For amaranth, the major grainproducing species are Amaranthus cruentus, Amaranthus hypochondriacus and Amaranthus caudatus that are cultivated throughout tropic and temperate zones. Since amaranth has a high nutritional value compared to other grains, increasing cultivation was started in the mid-1970s (Lehmann 1996) . The plant is used as food and feed, in the pharmaceutical and paper industries as well as for biomass production. Because of its interesting colouring, it is also cultivated as an ornamental plant.
Amaranth grain contains proteins of an unusually high quality, rich in lysine (limiting amino acid in cereals like maize, wheat and rice) and sulphur-containing amino acids (limiting in the pulse crops such as beans). For comparison, the protein content of maize, rice, sorghum and rye is much lower than that of the amaranth grain (De Macvean & Pöll 1997) . Furthermore, the protein value score (the ratio of essential amino acids to the level for those recommended by FAO and WHO and multiplying by 100) of amaranth seed is higher than that of soybeans, wheat, peanuts and corn.
A healthy diet should contain both types of fatty acids ω-3 and ω-6. These fatty acids are essential to human diet, because they cannot be synthesised by humans. Moreover, α-linolenic acid (ω-3) is a precursor in biosynthesis of docosahexaenoic acid and eicosapentaenoic acid, and linoleic acid (ω-6) plays a role as a precursor of arachidonic acid.
Amaranth grain contains 12.6-18.0% proteins, 5-8% fat, 60-65% saccharides, and 3-5% crude fibre (Yanez et al. 1994) . The oil content of amaranth is about 6-9% (Rodas & Bressani 2009 ). Amaranthus oil is characterised by high levels of unsaturated fatty acids. Currently, their health benefit effects in lowering the cholesterol and triacylglycerol concentrations are very well documented (Kris-Etherton et al. 1999 ). The consumption of poly-unsaturated fatty acids (PUFA) decreases the ratio of total cholesterol to high-density lipoprotein cholesterol (Mensink et al. 2003) , improves 642 A. Hlinková et al. insulin resistance (Summers et al. 2002) and reduces systemic inflammation (Ferrucci et al. 2006) . The major fatty acids in amaranth oil are palmitic, oleic and linoleic acids with the average level of 22.2%, 29.1% and 44.6%, respectively (He & Corke 2003) . Minority fatty acids are also present in amaranth oil; these include α-linolenic (3.86%), arachidic (5.1%) and, in very small amounts, gadoleic and behenic acids (Rodas & Bressani 2009 ). The ratio of ω-6/ω-3 fatty acids is an important determinant in decreasing the risk for coronary heart disease; both in its primary and secondary preventions (Simopoulos 2008 ). The ratio is still much higher than that recommended, i.e. 2:1. Because of the high level of linoleic acid (ω-6) and the low level of α-linolenic acid (ω-3), amaranth oil has an ω-6/ω-3 fatty acids ratio of 50:1 (Gebhardt et al. 2007 ). Nevertheless, amaranth grain contains significant levels of phytochemicals, such as flavonoids, phenolic acids, vitamins and other compounds with antioxidant properties (Pasko et al. 2009 ). An important component of amaranth seed oil is squalene, a poly-unsaturated triterpene hydrocarbon, which affects cholesterol biosynthesis. Gonor et al. (2006) investigated the influence of an amaranth oil diet with different amounts of squalene on the oil metabolism in patients with ischemic heart disease and hyperlipoproteinemia.
Amaranth belongs to the C 4 plants. This type of plant is inclined to locations with high temperatures and high sunlight intensity (Kulakow & Hauptli 1994) . Due to more efficient use of water, carbon and nitrogen, C 4 plants exhibit higher photosynthetic and growth rates. Scientific knowledge about the effects of environmental conditions on oil and fatty acids composition in amaranth grains is, however, lacking.
The aim of the present study was to determine the oil content and fatty acid composition in amaranth grain samples stored in the Gene Bank of the Slovak Republic in an effort to discover natural sources of unsaturated fatty acids, i.e. the health beneficial components of the amaranth grain. The additional goal was also to evaluate the influence of the amaranth genotype and year on their content.
Material and methods

Plant materials
As biological material, we used amaranth grains from the Gene Bank of the Slovak Republic. Grains were grown on experimental fields of the Plant Production Research Centre, Piešťany, Slovak Republic, in two consecutive years (2010 and 2011) . Together, 10 genotypes were used as follows: 4 genotypes (Olpir, Polish, Tibet, Burgundy) represented A. cruentus, whereas 6 genotypes (Koniz, Zhen Ping, Golden Giant, Plainsman, Jumla and 1008) represented A. hypochondriacus. The experimental site is located on the experimental plot of the Plant Production Research Centre in Piešťany (altitude 163 m, north latitude 48
• 35 , east latitude 17
• 50 ). Genomically, the plot is a part of the maize production area. The soil is clay-loam, with clay parts of around 50%, humus content in the topsoil of 18-20 g/kg, an average supply of phosphorus and potassium, and neutral to slightly acid soil reaction. The topsoil depth is about 300 mm. The amaranth plant was pre-cultivated from seedlings in the green-house and seeded on the experimental field. The harvest was carried during the ripening and drying of plant was realised in a greenhouse. The agrotechnical characteristics of both years were as follows: 2010 (sowing 7 April 2010, planting on field 10 May 2010, harvest 24 August to 4 November 2010); and 2011 (sowing 21 April 2011, planting on field 13 May 2011, harvest 15 August to 4 October 2011). The agrochemical characteristics of soil (content of nutrients in mg/kg) and meteorological characterisation (average temperatures and precipitation) of the experimental site in both years are shown in Table 1 and Table 2 , respectively.
Determination of oil content
A slightly modified method of two-step extraction according to the Slovak technical norm for testing of cereals, legumes and oil bearing crops (STN 461011-28; publication date: 1 April 1988) was used. Every sample was extracted with 100 mL of n-hexane in a Soxhlet apparatus during 5 hours (1 st extraction), subsequently the sample was rigorously dried, ground and then extracted over the next 4 hours (2 nd extraction). The grains were analysed in two replications. The oil content in the seed was determined gravimetrically for each extraction according to the following pattern:
, where m2 is the mass of the flask with isolated oil, m1 is the mass of the empty flask, m is the mass of the weighed sample (g) and W is the dry weight (%).
Preparation of fatty acid methyl esters
We used the method of preparation of fatty acid methyl esters according to Christoperson & Glass (1969) for analysis of fatty acids in amaranth grain oil by gas chromatography with a flame ionisation detector (GC-FID). According to the original method, the oil (10 mg) was mixed with 1 mL of n-hexane and 0.1 mL of trans-esterificating agent (sodium methanolate in cyclohexane). After 20 minutes, 13% methanolic HCl (0.5 mL) was added. The solution was centrifuged at 850×g for 5 minutes at ambient temperature (20-25
• C). The upper layer of the fatty acid methyl esters in n-hexane was analysed by GC. A method was used with slight modifications as follows: we used different amounts of chemicals (0.1 mL of oil was mixed with 0.7 mL of nhexane and 0.1 mL of trans-esterification reagent (sodium methanolate in benzene). After 20 minutes, 0.3 mL of 13% methanolic HCl was added, centrifuged at 850×g for 5 minutes and analysed by GC. • C, total hydrogen flow 114 mL/min, pressure 174 kPa) according to Ješko & Čertík (2008) . The identification of fatty acids was based on the comparison of retention times of standard methyl esters of C4-C24 fatty acids (Supelco, USA) and evaluation by MSD Agilent ChemStation software version 10.1 (http://www.agilent.com/). Derivatisation and then analysis of fatty acids in oil were accomplished in two replications similar to isolation of oil from grain. Quantification of fatty acids was based on integration of peaks relating to individual fatty acids in the chromatogram. The degree of fatty acid unsaturation (UI) was calculated in D/mole from the equation: UI = [1 (% monoene) + 2 (% diene) + 3 (% triene)]/100 (Čertík & Šajbidor 1996) and the oleic acid/linoleic acid (OA/LA) ratio was also evaluated in this study. The total of mono-unsaturated fatty acids (MUFA) and poly-unsaturated fatty acids (PUFA) was calculated according to the pattern: MUFA = total mono-unsaturated fatty acids (calculated as % of each mono-unsaturated fatty acid); PUFA = total poly-unsaturated fatty acids (calculated as % of each poly-unsaturated fatty acid).
Statistical evaluation
The data were analysed in order to examine the statistically significant differences between the samples grouped into categories by two characteristics: (i) year of cultivation (denoted as "year"); and (ii) amaranth species (denoted as "species"). The effect of two characteristics on the lipid descriptors was investigated by analysis of variance (ANOVA) using the general linear model procedure of IBM SPSS Statistics version 19 (http://www.spss.com/), with the model including "year", "species" and their interaction "year × species" as the fixed effects. The homogeneity of variances was tested by the Levene test, and the effect of the characteristics was examined alternatively using the nonparametric Mann-Whitney test. To investigate the significant correlations between the studied descriptors, the parametric Pearson correlation analysis was compared to the results of the non-parametric Spearman correlation analysis. Moreover, the relationship between the descriptors and the samples was examined using the principal component analysis. Statistical data were processed by IBM SPSS Statistics v. 19 (http://www.spss.com/) and Statgraphics Centurion XV (http://www.statgraphics.com/). Abbreviated designations of the descriptors were used for short denotation in the graphical outputs.
Results
The oil content in grains of A. cruentus grown in both analysed years is shown in Fig. 1 . Burgundy contained the highest oil level (8.2%) in 2010. The lowest level (6.4%) was shown by Tibet and Polish (6.7%). In 2011, the oil level was nearly identical compared to the previous year. The highest level was found for Burgundy (8.2%), followed by Olpir (7.9%), Polish (7.3%) and Tibet (7.1%).
Figure 2 reveals the variability in oil content within A. hypochondriacus. In 2010, 1008 contained the high- est amount of oil (7.9%), and, in addition, the oil amount had a decreasing trend as follows: Golden Giant (7.8%) > Jumla (7.7%) > Zhen Ping (7.3%) > Plainsman (6.9%) > Koniz (6.3%). In 2011, Koniz contained the lowest oil content (6.6%), similar to that seen in 2010. Golden Giant had the highest level in 2011 (8.7%). The values of major fatty acids, i.e. palmitic acid (C16:0), oleic acid (C18:1) and linoleic acid (C18:2) for every year individually are shown in Table 3 . The average value of palmitic acid was 31.3% in A. cruentus and 31.5% in A. hypochondriacus. The level of oleic acid was 28.3% and 23.8% in A. cruentus and A. hypochondriacus, respectively. For the level of linoleic acid, 36% was observed in A. cruentus and 40.1% in A. hypochondriacus.
Minority fatty acids in amaranth oil were stearic acid (C18:0) and α-linolenic acid (C18:3) (data not shown). The level of minority stearic acid was similar within all analysed samples. In 2010, it varied from 2.7% (Burgundy) to 3.9% (Polish) in A. cruentus. Olpir and Tibet had a value of 3%. We found that Olpir and Burgundy comprised in 2011 the lowest amounts of stearic acid among genotypes of A. cruentus (both 2.9%). On the other hand, Polish contained the highest level of stearic acid (3.9%). Golden Giant (A. hypochondriacus) contained in 2010 the lowest level of stearic acid (2.9%), whereas Jumla the highest one (3.5%). Zhen Ping and Plainsman contained levels of this fatty acid that were 3.3% and 3.2%, respectively. Other genotypes (Koniz and 1008) contained 3.1% and 3% of stearic acid. In the next year, levels were in the range between 3% (Jumla) and 3.4% (Zhen Ping). In 2010, amounts of α-linolenic acid ranged from 0.6% (Tibet and Olpir) to 0.8% (Polish) in A. cruentus. Burgundy contained 0.7%. The values of α-linolenic acid ranged from 0.6% (Tibet and Burgundy) to 0.7% (Olpir and Polish) in 2011. In A. hypochondriacus, the highest level of this fatty acid was shown in 2010 by Zhen Ping (1.3%); a lower level was observed in Jumla (1.1%), and Koniz and Plainsman contained 0.9%. The lowest value of α-linolenic acid was seen in Golden Giant and 1008 (0.6%). In 2011, genotypes representing A. hypochondriacus included lower levels of α-linolenic acid (1% Koniz, 0.9% both Jumla and Zhen Ping, and 0.7% 1008). Golden Giant contained 0.6% of this fatty acid. The arachidic acid (C 20:0) amount was in the range of 0.4-0.6% in 2010 and 0.4-0.5% in 2011. The aver- age amounts of eicosenoic (C20:1) and behenic (C22:0) acids were 0.1-0.2% in both years and for both amaranth species. The calculated oleic/linoleic acids ratio (OA/LA) was in A. cruentus in 2010 in the range from 0.64 (Polish) to 0.91 (Burgundy). The values for Tibet and Olpir were 0.83 and 0.87, respectively. In 2011, the lowest value was also found for Polish (0.6) and the highest one for Olpir (0.88). In Tibet and in Burgundy the ratio was 0.77 and 0.83, respectively. Among A. hypochondriacus, the highest ratio in 2010 was in Golden Giant (1.01), and the lowest one was found in Zhen Ping (0.31). In 2011, we calculated the highest ratio for Golden Giant (0.9) and the lowest one for Jumla (0.45). The highest values of the unsaturation index (UI) in 2010 were in Polish (A. cruentus) and Zhen Ping (A. hypochondriacus) with values of 1.05 and 1.14, respectively. In 2011, the highest values of UI were in Polish (A. cruentus) and Jumla (A. hypochondriacus) (1.06 and 1.12, respectively).
The totals of saturated fatty acids (SFA), MUFA and PUFA were also calculated (Table 4) . We observed the highest amount of SFA for A. cruentus in Polish in both years (35.7% and 35.3%). In A. hypochondriacus, Plainsman represented the highest value in 2010 (36.3%), whereas Koniz in 2011 (35.8%). In A. cruentus, the highest content of MUFA in 2010 was observed in Burgundy (30.6%), followed by Olpir (30%), Tibet (29.2%), and Polish with the lowest total of MUFA. In 2011, the highest total of MUFA was calculated for Olpir (30.5%). We found differences in MUFA among genotypes in A. hypochondriacus. In 2010, Golden Giant had the highest value of MUFA (32%) and Zhen Ping possessed the lowest one (only 15%). Jumla contained relatively low levels of MUFA (16.7%), and in Koniz and Plainsman values of this parameter were quite similar (20.7% and 21.4%, respectively). In 2011, the highest total of MUFA was calculated for 1008 (31.1%). In both years, the highest total of PUFA was in Polish in A. cruentus (39.5% and 40.6%). In A. hypochondriacus, Zhen Ping in 2010 and Jumla in 2011 were the genotypes with the highest total of PUFA (48.8% and 45.4%, respectively). Fig. 3 . Boxplots of (a) saturated fatty acids (SFA) and (b) palmitic acid (C16 0) in percentages for visual comparison of statistically significant differences between "year" categories. Two categories of amaranth species (species) were created: (1) A. cruentus and (2) A. hypochondriacus. Fig. 4 . Boxplots of (a) α-linolenic acid (C18 3) and (b) unsaturation index (UI) in percentages for illustration of distribution of "species" categories. The variances of descriptors in "species" categories were found non-homogeneous by Levene test. Two categories of amaranth species (species) were created: (1) A. cruentus and (2) A. hypochondriacus.
Effect of the year of cultivation and Amaranth species These effects are summarised in Table 5 . The statistical interaction, "year × species" was not significant. However, C16:0 and SFA are significantly influenced by "year" (p < 0.05). Therefore, significant differences between categories of years were identified in the described descriptors (Fig. 3) . The variances in "year" categories were homogeneous, and the results obtained by the ANOVA and Mann-Whitney tests were comparable.
Secondly, C18:3 was significantly affected by "species" (p < 0.05). The differences between categories were also found by C18:1, C18:2, MUFA, PUFA, UI and OA/LA with less statistical significance (p < 0.1). However, the ANOVA pre-assumes the homogeneity of variances. Since the variances in "species" categories were confirmed by the Levene test to be non-homogenous (p < 0.05), the differences between categories were investigated alternatively by the non-parametric MannWhitney test. Differences between "species" categories were determined as statistically significant only for C18:3 (p < 0.05) and UI (p < 0.1) by the MannWhitney test (Fig. 4) .
Correlation analysis
Correlation analysis is a direct way to characterise the relationship between the analysed lipid descriptors. Since no outliers were found in the exploratory analysis and all studied variables were confirmed by the Shapiro-Wilk test to come from normal distribution, the Pearson correlation analysis was performed. Numerous significant correlations were found among the studied descriptors (Table 6 ). The highest correlation coefficients were found for C18:1, which is negatively correlated with C18:2 (r = −0.99), C18:3 (−0.94) and UI (−0.95) and positively correlated with C20:1 (0.83) and oil (0.55). On the contrary, C18:2 is positively correlated with UI and C18:3 (0.99 and 0.93, respectively) and negatively correlated with oil and MUFA descriptors. A similar situation was found for C18:3. This means, that PUFA are in a strong, and negative correlation with MUFA descriptors, and the oil content is in a positive relation only with MUFA. The results obtained by the Pearson correlation analysis were comparable with the non-parametric Spearman correlation analysis.
Principal component analysis
The first two principal components (PCs) calculated from selected descriptors account for 75.7% of the total data variability (Fig. 5) . The mutual position of the descriptors is in accordance with the correlation analysis. The strongly positively correlated variables C18:2, C18:3 and UI are adjacent and are opposite to MUFA descriptors. The mentioned descriptors are mostly related to the PC 1, which covers the main part of the data variability (61.7%). The representing descriptors for PC 2 are C16:0 and SFA, which exhibit the highest loadings for PC 2 and which are positively correlated to each other. Even though the grouping of the amaranth samples according to "year" is not clearly separated in the PC analysis bi-plot, the samples originating from 2010 are mostly situated by positive values of PC 2, and the samples cultivated in 2011 are located by negative values of PC 2. Thus, the new latent variable PC 2 coincides with the year of cultivation of samples. As mentioned above, descriptors C16:0 and SFA exhibit the highest loadings for PC 2, so these descriptors are related to the distribution of the amaranth samples into "year" categories, which is in agreement with ANOVA results. Such recognizable separation of the samples into the "species" categories was not observed in the space of PCs.
Discussion
Our results confirmed similar average oil content (7.3%) in the evaluated species (A. cruentus and A. hypochondriacus) in 2010. In 2011, average oil content was 7.6% and differences between both species were very low (0.1%). According to the literature, oil content is influenced by amaranth species ranging from 3.6% in A. hypochondriacus to 7.7% in A. cruentus (He et al. 2002) . He & Corke (2003) observed a variability in oil content in 30 amaranth species in the range from 1.9% to 8.7% with an average value of 5.0%. In the work by Prakash et al. (1995) , the oil content varied from 4.4 to 13.2% in amaranth samples, and the variation depended on the species. A. cruentus had significantly higher oil content compared to other species of amaranth; oil content was also mainly affected by genotype (Prakash & Pal 1992) . However, oil content can also be affected by other factors, such as soil and fertilisation of the soil (Skwary lo-Bednarz 2012). Gimplinger et al. (2007) evaluated oil content in the range 5.4-8.6% in genotypes of A. cruentus and A. hypochondriacus, and similarly strong influence of the genotype was reported. Generally, amaranth grains contain 5-8% oil (Williams & Brenner 1995) , and it varies within amaranth species (Bressani 1994; Muchová et al. 2000) .
Our results show that the major fatty acids in all amaranth oil samples were linoleic (C18:2), palmitic (C16:0), and oleic acids (C18:1). Our results are in agreement with other authors (Singhal & Kulkarni 1988; Prakash & Pal 1992; Prakash et al. 1995; Sauerbeck et al. 2002) . Similarly He et al. (2002) confirmed that major fatty acids in amaranth oil were palmitic (19.1-23.4%), oleic (18.7-38.9%), and linoleic acids (36.7-55.9%), as did Jahaniaval et al. (2000) , but with slight differences in their amounts (palmitic acid 21.4-23.8%, oleic acid 22.8-31.5%, and linoleic acid 39.4-49.1%). Linoleic acid (52%) was also confirmed as a dominant fatty acid, followed by oleic acid with 24% (Ruales & Nair 1993; Wood et al. 1993; Sauerbeck et al. 2002) . The differences between our results and results of the above-mentioned authors were probably caused by selection of genotypes as well as influences of the environment (year of cultivation, soil, climatic conditions, etc.). By using the ANOVA and Mann-Whitney tests, we observed that the total of SFA and therefore the level of palmitic acid were influenced by "year". However, the level of poly-unsaturated α-linolenic acid was influenced by "species" of amaranth. According to Berganza (2003) , differences in the composition of grain (fatty acids, oil) were not statistically significant for genotype or location. Variation in fatty acid composition was agronomically related (p < 0.05). However, these variations can also be caused by genetic factors, such as an inheritance in plants (Ayorinde et al. 1989 ). He & Corke (2003) confirmed a negative correlation between linoleic and both palmitic and oleic acids. Similarly, our results showed that the highest correlation coefficients were found for C18:1, which is negatively correlated with C18:2. Correlations between fatty acids are a result of their biosynthesis. Plants accumulate fatty acids in the form of triglycerides as the main substances in grains. Therefore, it is also very important to understand, which factors limit their accumulation (Thelen & Ohlrogge 2002) . In higher plants, PUFA are synthesised by both prokaryotic (chloroplast) and eukaryotic (endoplasmic reticulum) pathways (Roughan et al. 1980; Browse et al. 1986 ). Synthesis of <18C fatty acids in the cell matrix depends on the presence of NADPH as a hydrogen donor. Carbon chains of fatty-acid acyls require the presence of NADPH and oxygen. They are present in eukaryotic cells; phospholipid is a carrier for acyl. Phosphatidylcholine, phosphatidylethanolamine and phosphatidyl inositol act as substrates. Stearoyl-acyl-carrier-protein desaturase catalyses the production of 18:1 fatty acids in plants, but some plants catalyse the conversion of 18:0 to 18:1 (Shanklin & Somerville 1991) . The first desaturation of a saturated acyl chain that occurred in plastids is the conversion of stearate to oleate involving removal of pro-(R) hydrogen atoms from C-9 and C-10 to give a cis-olefinic bond under the influence of a ∆-9 desaturase. Further desaturation, occurring in the cytoplasm, converts oleate to linoleate (∆-12 desaturase) and linolenate (∆-15 desaturase). Elongation by two carbon atoms occurs commonly in fatty acid biosynthesis in the case of conversion of oleic acid (18:1) to eicosenoic acid (20:1) (Gunstone 2005) .
Our results show that genotypes of A. hypochondriacus exhibit higher variation in fatty acid content compared to A. cruentus genotypes. In our results, the effect of the year of cultivation and genotype significantly altered fatty acid levels, the UI and oil content. The year of cultivation shows especially different rainfall and average temperatures. Some anatomical characteristics of amaranth, their genetic variability and the C4-photosynthesis pathway result in increased metabolic efficiency under a wide range of temperatures (from 25 to 40
• C), higher light intensity, and moisture stress environments. Amaranth as a plant possessing a C4-photosynthesis pathway was also recognised as a drought tolerant crop (Kigel 1994) .
It is known that in many organisms, especially plants, development at low temperatures results in increased levels of unsaturated fatty acids in membrane triglycerides (Neidleman 1987) . Similarly, results of Badea & Basu (2009) demonstrated that cold-tolerant plants showed a faster accumulation of unsaturated fatty acids (18:2 and 18:3) compared to cold-sensitive plants. Climatic characteristics of the experimental site in both years are shown in Table 2 . The average temperature in 2011 was higher (10.5
• C) than that in 2010 (9.7
• C). However, a heavy precipitation level was observed in 2010 (821 mm) compared to that seen in 2011 (513 mm). It is thus possible to conclude that genotypes (A. cruentus and A. hypochondriacus) contained higher oil content in 2011 (higher temperature and lower precipitation).
A recent assessment of amaranth genotype collections could be used to obtain knowledge about genotypic variability for their subsequent use in a breeding programme. This study can also help to obtain new views of the chemical composition of amaranth grain in terms of oil and lipid structures. Varieties with increased content of health-beneficial components in the grain could be used in the food and pharmaceutical industries eventually. Based on the effect of the year, we can consider the impact of the environment on amaranth cultivation as well as the effect of abiotic stress factors, such as precipitation, drought and temperature on fatty acids biosynthesis.
